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COAT OF KERATINOCYTES AND THE INTERCELLULAR
SPACE OF THE EPIDERMIS*
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Little is known about the dimensions, struc-
ture, and physical properties of the inter-
cellular space of the epidermis. In particular,
it has not been clarified whether it repre-
sents an "empty" lacunar system or whether
it is charged with substances which escape
visualization by conventional techniques for
electron microscopy.
Recently, a new method has been described
by Revel and Karnovsky (1) which permits a
selective demonstration of intercellular spaces
in ultrathin sections. In addition, Luft (2, 3)
has developed a procedure for the electron
microscopic identification of polysaccharide
material coating cell surfaces. In view of a
recent hypothesis relating intercellular cement
substances to the pathogenesis of pemphigus
acaiitholysis (4) we attempted to gain more
information on the intercellular spaces of the
epidermis and the nature of their contents.
Since the two methods referred to above ap-
peared to offer a new approach to this prob-
1cm, an electron microscopic study was under-
taken usthg these techniques.
MATERIALS AND METHODS
Skin specimens were obtained by excision biopsy
from the ears of albino and pigmented guinea pigs
and from the right cheek of a 5 year old boy
presenting a benign juvenile melanoma. Small
tissue blocks were immediately fixed and processed
according to the following procedures:
1) Some blocks were fixed for 3 hours at 4°C
in a glutaraldehyde (4%)—lanthanurn (1%)—
eacodylate buffer solution (pH 7.2) accord-
ing to the method of Revel and Karnovsky
(1). Subsequently, they were washed and
stored overnight in 02 M suerose-cacodylate
buffer (pH 7.3) containing 1% of the lantha-
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nurn complex (1), postfixed for 1½ hours in
osmiumtetroxide (1% )—lanthanum (1%)—
veronal acetate buffer (pH 7.3) at 4°C, and
rapidly dehydrated in alcohols to which the
lanthanum complex had also been added.
2) Additional blocks of the same biopsy speci-
mens were fixed for 1½ hours at 4°C in an
osniiurntetroxide-ruthenium red solution
which had been prepared according to the
directions given by Pate and Ordal (5) based
on the original method worked out by Luft
(2, 3). We employed a slight modification of
this technique by using veronal acetate buffer(pH 7.3) and a tenfold concentration of
ruthenium red. The tissue blocks were then
rapidly dehydrated in graded series of alco-
hols.
3) Control specimens were fixed in 1% osmium-
tetroxide-veronal acetate buffer (pH 7.3) and
dehydrated in a graded series of alcohols.
All tissue blocks were embedded in Epon 812
(6). llJltrathin sections were cut with glass knives
on a Reichert OM TJ2 ultramicrotome and con-
trasted either with uranyl acetate alone or with
uranyl acetate followed by lead citrate. The sec-
tions were examined with a Zeiss EM 9A electron
microscope.
RESULTS
The distribution patterns of lanthanum and
ruthenium red, respectively, were identical in
guinea pig and human epidermis but guinea
pig tissue yielded results of superior structural
quality.
I. Lanthanum complex
In sections cut from tissue blocks treated
with lanthanum the intercellular spaces of the
epidermis contained a highly electron dense
material (Figs. 1, 2). This substance was not
regularly observed in all tissue blocks and in
all layers of the epithelium but most con-
sistently it was present in the basal layer,
in the lower stratum spinosum, and in the
horny layer. Possibly, these inconsistencies
were due to variable tracer penetration.
The homogenous electron opaque material
evenly filled the gap between adjacent keratino-
cytes (Figs. 2, 3) and between these cells and
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Fic. 1. Low power view of guinea pig epidermis treated with the lanthanum complex.
The intercellular spaces contain electron dense tracer material. Contrasted with uranyl
acetate and lead. >< 4.500.
melanocytes as well as Langerhans cells. It
was continuous with tile outermost dark line
of the tri]aniinar cell membranes (Fig. 4) and
extended into pinocytotic vesic!es (Fig. 5b)
but it was never seen to penetrate beyond
the membrane into die cytoplasm. At the
dermal-epidermal junction tracer material was
found in tue electron lucent zone separating
the cytomembranes of basal cells from the
}asernent lamina (Fig. 5b) but this occurred
only in the immediate vicinity of lanthanum—
positive intercellular spaces.
In sections in which the intercellular spaces
and the cell membranes had been cut obliquely
the electron dense material exhibited a striated
pattern composed of alternating dark atid
electron lucent lines which were orienled in a
regular and parallel fashion (Figs. 2, 3). In
-
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Fic. 2. Intercellular spacc of guinea pig epidermis containing the lanthanum complex.The electron dense material extends into desmosomes •(D) where it is confined to the
space between the two intermediate dense layers. Oblique sections of the intercellular
spaces reveal a striated pattern of the dense material (arrows). T: Intercellular space cut
tangentially. Contrasted with uranyl acetate. X 49.500.
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FIG. 3. Higher magnification of an area from figure 2. Note striatod pattern of the
intercellular dense material (arrows) which acquires a more dotted appearance in tangen-
tial plane of section (T). D: Desmosornes. >< 79.200.
tangential planes of section the electron dense
material acquired a dotted appearance (Figs.
3,4,5).
The cell junctions were permeable to the
tracer for both desmosomes and nexal struc-
tures [occluding zonules (7, 8, 9)] contained
the lanthanum complex. In the desmosomes*
* The terms used to denote the different layers
of desmosomes are those coined by Odland (10)
arid are in consecutive order. Attachment plaque,
proximal light layer, intermediate dense layer,
distal light layer, intercellular contact layer, distal
light layer, intermediate dense layer, proximal
light layer, attachment plaque.
the electron opaque material was confined to a
zone limited by the two intermediate dense
layers mid was always separted from the at-
tachment plaques by two electron lucent lines
(Figs. 2, 3, 4b). In the nexus lanthanum was
found at the site of membrane apposition
(Fig. 5).
In those areas into which the tracer had
penetrated incompletely (or from which it
had been partially removed by the dehydration
process) the lanthanum complex failed to fill
the entire width of the intercellular space. In
such regions it formed a well defined layer of
If t
4
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FIG. 4. A. In this area of guinea pig epidermis the lanthanum complex fails to fill the
intercellular space evenly and a coat of electron dense material is seen lining the surface
of keratinocytes (arrows) and the intermediate dense layer (ID) of a desmosome (D).
Note dotted appearance of electron dense material in an intercellular space cut tangen-
tially (T). Contrasted with uranyl acetate. X 106.500. B. Guinea pig epidermis. In the
right portion of the figure the lanthanum complex fills the entire intercellular space, on
the left it forms a dense coat resting on the outer leaflet of the cell membranes (arrows)
which exhibit a typical trilaminar structure (double arrows). D: Desmosomes, T: tangen-
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Fic. 5. A. Human epidermis. The lanthanum complex is present io a desmosome (D),
a n'xus (N), and an intercellular space which has been cut tangentially (T). The
electron dense material rests on and is indistinguishable from the intermediate dense
layer (ID) of the desmosorne and is found at the site of membrane apposition (arrow)
of the nexus. Attachment plaque (A). The double arrows mark the localization of the
tracer on the outer line of the trilaminar cell membrane from which it is inseparable.
x 110.000. B. Guinea pig epidermis. Intercellular space between two basal keratinocytes
containing the lanthanum complex. Tracer material is seen in a nexus (N) and a pinocy-
totic vesicle (P). It is also present on the dermal surface of the two keratinocytes (ar-
rows). T: tangential section of intercellular space. DE: dermis. )< 100.000.
electron opaque material coating the cell sur-
faces (Fig. 4). This lanthanum-positive coat
rested on the external leaflet of the cell mem-
branes and in desmosornes it was located on
and was indistinguishable from the intermediate
dense layers (Figs. 4a, 5a).
A similar but thicker coat of electron dense
material was also observed on the surfaces of
horny cells. However, not all cells of the
stratum corneum were lined by this material
and a large percentage of the intercellular
spaces, particularly the narrow ones, remained
free of the lanthanum complex.
II. Ruthenium red
Electron opaque substances were also found
in the intercellular spaces of epidermis fixed in
the presence of ruthenium red. They were not
B DE
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FIG. 6. Distribution of ruthenium red-stainable material in intercellular spaces of
guinea pig epidermis. Note the electron dense extraneous coat on the surfaces of kera-
tinocytes (arrows). In some areas the dense material fills the entire intercellular space(double arrows). The ruthenium red-positive substance rests on the outer leaflet of the
unit membranes and is also seen in a desmosome (D). >< 106.500.
always present throughout the specimens but
most consistently they were observed in those
areas of the epidermis which were adjacent
to the surface of the tissue block. They were
more granular than the lanthanum deposits
but often acquired a homogenous appearance
by being densely packed. Although the opacity
of the ruthenium red-positive substances was
less than that of the lanthanum complex it
was considerably increased in sections con-
trasted with lead.
The ruthenium red-positive material partially
or completely filled the intercellular space and
formed an electron opaque coat on the sur-
faces of keratinocytes which was inseparable
from the outer leaflet of the unit membrane
(Fig. 6). It was also present in desmosomes
where it was confined to the zone between
the two intermediate dense layers and obscured
the central structures of the junction (Fig. 6).
A ruthenium red-positive coat was also
observed on the surfaces of horny cells (Fig. 7).
This layer varied in width and displayed an
irregular border to the intercellular space
proper. In some areas the ruthenium red-reac-
tive material was detached from the cell
membrane and was seen floating freely in the
gap separating the horny lamellae.
The biopsy specimen of the benign juvenile
melanoma exhibited expanded intercellular
spaces. These were free of ruthenium red but
the cytornembranes of keratinocytes and their
villus-like cytoplasmatic processes were lined
by a homogenous or granular electron dense
material (Figs. 8, 9). This extraneous cell coat
was continuous with the outer leaflet of the
cytomembrane and its surface was irregular
showing stringy extensions spanning the inter-
cellular space (Figs. 8, 9b).
In intercellular spaces of normal dimensions
4 
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Ftc. 7. Human epidermis. Ruthenium red-positive coat (arrows) on the surface of
horny cells. The narrow intercellular spaces contain no dense material (X). IS: expanded
intercellular space. >< 49.500.
the two opposite ruthenium red-positive coats
abutted upon another and thus filled the entire
extracellular compartment (Figs. 8, 9).
Tissue blocks of the same lesion which had
not been treated with ruthenium red exhibited
a similar fuzzy coat on the external surface of
cell membranes (Fig. 10). This layer displayed
a very low electron density but morphologically
it corresponded to the electron opaque ma-
terial revealed in ruthenium red preparations.
1MSCUSSON
The availability of the lanthanum technique
permits, for the first time, a selective ultra-
structural demonstration of intercellular spaces
of the epidermis. In addition, this method
offers an elegant approach to studies concerned
with cell surfaces and problems of cell—to-cell
cohesion. Our observations show that the inter-
cellular compartment of the epidermis repre-
sents a continuous system of narrow spaces
surrounding and separating epidermal cells.
Siice cell junctions are penetrated by the
tracer they do not interrupt the continuity of
this system. Apparently, desrnosonws do not
constitute solid devices of cellular adhesion but
rather represent permeable scaffold-like struc-
tures spanning the intercellular space. In ad-
dition, the intradesmosomal distribution of
lanthanum confirms the observation that the
intermediate dense layer corresponds to the
outer leaflet of the cell membrane and, there-
fore, is a cellular and not an extracellular
cornpoient of the desmosomes (9, 11).
The "staining" of the central dark line of
nexal structures by lanthanum either indicates
the existence of a thin gap at the site of
membrane apposition or the presence of a
substance which binds lanthanum selectively.
Since both alternatives depend on the capacity
of the tracer to penetrate the nexus it may
be concluded that, in the epidermis, these struc-
tures do not represent tight or occluding junc-
tions. The presence of lanthanum in pinocytotie
vesicles conclusively demonstrates their con-
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FIG. S. Widened intercellular spaces (IS) of human epidermis (benign juvenile mel-
anoma) revealing ruthenium red-reactive material on the surfaces of keratinocytes.
Stringy structures extend from these extraneous coats and span the intercellular lacunae(single arrows). In those areas where the cytomembranes of adjacent cells approach each
other to form an intercellular space of normal width the extraneous coats of keratinocytes
fuse and fill the entire intercellular compartment (double arrows). lJranyl acetate.
X 16.500.
The striated and dotted patterns of the
electroii dense lanthanum deposits could pro-
vide some information on the surface structure
of keratinocytes. Employing the same technique
Revel and Karnovsky (1) were able to demon-
strate hexagonal arrays in intercellular Junc-
tions of mouse heart. Possibly, the distribu-
tion patterns of lanthanum in our material
suggest a similar substructural organization of
keratinocyte interfaces. However, an evalua-
tion of the significance of these findings re-
quires the exclusioi of the possibility that the
striated and dotted patterns are due to an
image defect. The striaticins do appear to
reflect existing structures for they show a
variable orientatioi ii different areas of a given
section and are not everywhere in the same
direction as would result from astigmatism or
specimen drift (Fig. 3). On the contrary,
the dots are about the same size as the phase
granularity (defocus fringes) seen in their
vicinity and, therefore, further studies will be
necessary to provide a meaningful interpreta—
tion of these results.
The histochemical significance of lanthanum
staining awaits clarification. Revel and
Karnovsky (1) consider the tracer complex a
physical marker for intercellular spaces but
other authors have presented evidence that
lanthanum may be bound selectively to ma-
terial extraneous to cell membranes (12, 13, 14).
For instance, embryonic chick cells have been
shown to be covered by substances which are
stainable with lanthanum and removable by
phospholipase C (13). In the epidermis the
presence of lanthanum may be ascribed, at
least in part, to a physical tracer effect based
oi intercellular permeability but our results
also indicate that, in addition, some of the
lanthanum precipitate is bound to tissue com-
ponents. Lanthanum-positive material was
seen to line cell surfaces even in those areas
II
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FIG. 9. A and B. Human epidermis, benign juvenile melanoma. Ruthenium red-positive
extraneous coats of keratmocytes lining widened intercellular spaces (IS). The double
arrows mark the points of fusion of two opposite extraneous coats which then fill the extra-
cellular space completely (single arrows). Note stringy material spanning intercellular spaces(IS) in Fig. Sb. D: desmosomes containing ruthenium red-positive material. X 49.500. C.
Two adjacent melanocytes from a lesion of a benign juvenile melanoma exhibiting ruthen-
ium red-positive coats on their surfaces (arrows). The dense material rests on the external
leaflet of their membranes. Note thread-like structures spanning the intercellular space








428 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
FIG. 10. Hunnri epidermis, benign juvenile melanoma. The tissue shown in this elec-
tronmicrograph is from the same lesion as that of Fig. 9A and 9B. It was not treated
with ruthenium red and served as control. Note fuzzy material on cell membranes
(arrows) which corresponds to the electron opaque extraneous coat seen in tissues treated
with ruthenium red. D: desmosome, T: tonofilarnents, IS: widened intercellular space.
Tiranyl acetate. >< 104. 500.
that contained no tracer in the intercellular
space proper and this observation suggests the
existence of an extraneous coat on the surface
of keratiBocytes which possesses an affinity for
the lanthanum complex.
The ultrastructural localization of ruthenium
red may be taken as evidence that keratino-
cytes are indeed covered by a layer of extrane-
ôus material. According to Luft (2) ruthenium
red is characterized by an almost specific
binding capacity to extraneous coats (glyco-
kalyx) of certain cell types. Since such a
ruthenium red-positive material is seen on the
surfaces of epidermal cells it may be concluded
that they too possess a glycokalyx.
Only conjectures can be made regarding the
nature of the ruthenium red-reactive sub-
stances. Ruthenium red is said to stain acid
mucopolysaceharides (2, 3, 5) and this would
be compatible with the observations of Braun-
Falco and Weber (15) who demonstrated, at
the light microscopic level, intercellular by-
aluronidase-labile, Hale-positive substances with-
in the epidermis. Our ruthenium red-positive
material could consist, at least in part, of
acid mucopolysaccharides but enzymatic di-
gestion studies will have to be performed to
provide a satisfactory answer to this question.
Also, we are unable to decide whether the
ruthenium red-positive material and the
lanthanum-reactive substances are identical.
They do show a similar distribution but more
conclusive evidence will be needed to solve
this problem.
In ultrathin sections of epidermis processed
for conventional electron microscopy the inter-
cellular spaces often contain homogenous, fuzzy
or granular substances of moderate electron
density. This material has been considered to
represent an intercellular cement into which
keratinocytes are embedded (4). The present
study provides positive cytochemical evidence
for the existence of such a material and, in
addition, permits some conclusions regarding
its mode of formation. Our findings suggest
that the glycokalyx-coats of adjacent cells
fuse midway between the cell membranes and
form the "cement substance" filling the gap
between keratinocytes (Figs. 8, 9). Thus, the
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merely permeated by fluid and containing oc-
casional debris but a compartment charged
with a material which could represent an
"epidermal ground substance". Although this
material occupies the intercellular interstices
it obviously permits micro- and macromolecu-
lar compounds to be transported to and from
keratinocytes as indicated by its permeability
to the lanthanum complex, ruthenium red,
and ferritin (16).
Further studies will have to clarify the bio-
logic significance of this intercellular cement.
It could serve as insulation or play a role in
cell-to-cell cohesion. Support for this hypothe-
•sis is provided by the observation that, under
experimental conditions, the cytomembranes of
keratinocytes continue to adhere to each other
even after the complete disappearance of
desmosomes (17). Obviously, intercellularjunctions are not the only devices of cellular
adhesion which keep keratinocytes attached to
each other.
Evidence has been presented that the sera
of patients with pemphigus vulgaris contain
autoantibodies to intercellular substances of
stratified squamous epithelia (18, 19, 20, 21).
It is conceivable that the intercellular material
demonstrated in this study acts as a carrier
for or contains the antigen to which such
antibodies are directed.
SUMMARY
Specimens of human and guinea pig epi-
dermis were examined electron microscopically
using a lanthanum complex as tracer and
ruthenium red as electron histochemical stain.
In lanthanum preparations the extracellular
spaces contained an highly electron opaque
material which was continuous with the outer-
most dark leaflet of the cell membranes and
evenly filled the gap between adjacent cells.
Oblique and tangential sections of plasma
membranes revealed striated and dotted pat-
terns of tracer distribution which indicated the
presence of specialized substructures on the
surfaces of keratinocytes. Cell junctions were
permeable to the tracer for both desmosomes
and occluding zonules contained lanthanum.
In some areas the intercellular space proper
appeared empty but the cell surfaces were
covered by an electron opaque layer sug-
gesting selective binding of the lanthanum com-
plex by substances coating the cells.
Studies with ruthenium red revealed the
presence of an electron dense material lining
the cell membranes and forming an extraneous
coat of keratinocytes. This material was con-
sidered to correspond to the glycokalyx of other
cell types. The extraneous coats of adjacent
epidermal cells fused mid-way between the
two corresponding cell membranes and filled
the entire intercellular space. It was concluded
that this intercellular material represents an
intercellular cement.
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